



Compost in Agriculture - A Review
ABSTRACT
Composting is a biological process of the breakdown of complex matter into simple matter. The present review describes in detail the various applications of compost viz., effect of compost on soil properties; reduction in bulk density; compost to improve soil biological properties and nutrient uptake. The review also highlights use of compost in agriculture for the growth of plants. The applications of compost are very eco-friendly as composting is a biological process. 
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INTRODUCTION
 

Landfill and incineration are the ways of solid waste disposal throughout the world. Methane is the greenhouse gas responsible for global warming, which needs to be reduced. Recycling of the waste nutrients and organic matter back to agricultural land is most desirable. Composting is the most promising technologies as a means of recycling organic matter back to the soil to improve soil structure and fertility (Echeverria et al., 2012, Awasthi et al., 2014). The landfilling of biodegradable waste contributes to environmental degradation due to the production of methane gas. Methane is a greenhouse gas and causes global warming (Hurrell, 2015). The tons of biodegradable organic wastes are generated in cities and towns in the countries and their disposal is a problem. Recycling waste nutrients and organic matter back to agricultural land is important. Composting is one of the most economical and promising technologies to treat the wastes. Composting is a natural process that turns organic material into a dark rich substance, called as compost and is a good soil conditioner. During composting process, microorganisms convert complex organic compounds into simpler substances and produces carbon dioxide, water, and minerals and stabilized organic matter which is called as the compost. During the composting process, heat is generated which kills the pathogens; weeds; etc. 
Among the waste management strategies, composting is gaining interest to dispose organic wastes as a treatment with more economic and environmental profits, with the formation of a stabilized product (Varma and Kalamdhad, 2014). The objective of this review paper is to highlight the various applications of compost and how it improves the soil physico-chemical parameters and helps in the plant growth and yield which will ultimately benefit the farmers in their field. The addition of amendment to the soil to help the plant growth is important. So, it is therefore, necessary to study the compost as amendment to the soil and how it improves in agriculture and horticulture. 
Different types of compost and their uses

The different types of compost and their uses is represented in Table 1. Composting is a natural process where the microorganism’s breakdown the complex matter into simple matter and forms dark rich stabilized substance i.e., compost. The various applications of compost are represented in Fig. 1. Applications for compost and potential market size is shown in Table 2.
Table 1. Different types of compost and their uses (Saebo et al., 2005)

	Types of Compost
	Uses

	Green compost
	Mulching; soil amendment

	Compost from household waste
	Mulching; soil amendment

	Compost with municipal sludge
	Soil amendment


Table 2. Applications for compost and potential market size (EPA, 2002)

	Application
	Size (million cubic yards/year)

	Agriculture
	895.0

	Silviculture
	104.0

	Sod production
	20.0

	Residential retail
	8.0

	Delivered topsoil
	3.7

	Landscaping
	2.0

	Nurseries
	0.90

	Landfill cover, surface mine reclamation
	0.60










Fig. 1. Applications of the compost

Applications of compost
Effect of compost on the soil properties

Good soil structure allows gas and water transfer in soil, seed germination, and root growth. The humus in the compost facilitates formation of aggregates (Sodhi et al., 2009). The soil aggregation is improved by the microbial activity. The compost from municipal solid waste added to clay soils has been reported to improve aeration (Garcia et al., 2017). The use of compost in high saline soil can help to determine an improvement of biological fertility (Lakhdar et al., 2009). 

In non-cultivated soils, the soil organic matter has the nitrogen and sulfur is 95% and phosphorus is 25% (Amlinger et al., 2007
). The soil organic matter can be enhanced by compost application which also increases the organic carbon (Soheil et al., 2012). There is a report where combination of manure and household wastes compost increased the organic carbon due to compost (Bouajila and Sanaa, 2011). There has been improvement in soil properties and organic matter with the use of composted organic material. The organic matter of agriculturally used soils is met by application of 7-10 mg (dry matter) compost ha-1 (Amlinger et al., 2007). As the soil organic matter content increases due to composts, the physical properties of the soil viz., structural stability (Tejada et al., 2009), total porosity and hydraulic conductivity (Aggelides and Londra, 2000), aggregate formation (Sodhi et al. 2009), and water holding capacity is improved (Curtis and Claassen, 2005).
Reduction of bulk density 

Compost application helps to maintain soil structure by reducing soil density. This increases the porosity and allows interactions between organic and inorganic fractions (Amlinger et al., 2007). Low bulk density is indicative of improved soil tilth. The compost increases the meso- and macro-pores due to aggregation and stabilization of soil by the soil microbes (Liu et al., 2007). Due to increase in the organic fraction, the bulk density of the soil reduces (Brown and Cotton, 2011).

Effect of compost on the soil biological properties 
and in nutrient uptake

The compost added to soil provides nutrients and affects soil microbial community, thus changing the soil physico-chemical properties. Compost helps the microbial growth and activity, thus increasing the abundance and diversity of the soil microbes (Annabi et al., 2007; Leroy et al., 2007; Sutton-Grier et al., 2010). The bacterial diversity was always higher in manure compost-amended farmyard soils regardless of land use pattern or seasons (Ge et al., 2008). The addition of compost increased the activity of microorganisms in comparison to control (Brown and Cotton, 2011) which was 2.23 times greater. This activity of microbes increased due to organic matter which is food for microorganisms. There is a study on effect of manure compost and mineral fertilizers on soil biological activity (Paul, 2003). The soil fertility increased due to release of nitrogen, phosphorus and other nutrients and mycorrhizal root colonization as well as the diversity of soil microorganisms (Castillejo and Castello, 2010; Paul, 2003). There is a report on the microbial diversity and plant growth hormones in compost and vermicompost from fermented tannery waste, where maximum amount of plant growth hormones indole acetic acid, gibberellic acid and kinetin were detected in vermicompost (Ravindran et al., 2016). These plant growth hormones can enhance the plant growth and productivity
The addition of compost from various feedstock is found to increase Gram-positive bacteria (Islam et al., 2009), ammonia oxidizers and denitrifying bacteria in soil (Bastida et al., 2008), soil respiration (Iovieno et al., 2009), and increase various enzymes (Antonious, 2009; Bastida et al., 2008) and potential nitrification and denitrification (Sutton-Grier et al., 2010). These changes affect uptake and movement of nutrients in the soils. Due to change in microbial activity and community, compost will suppress the soil-borne plant pathogens viz., Fusarium oxysporum, Phytophthora cinnamomi, Meloidogyne hapla, etc. (Lozano et al., 2009) and enable degradation of organic pollutants such as polycyclic aromatic hydrocarbons (PAHs) (Yuan et al., 2009), fuel oil (Jorgensen et al., 2000), etc.
Compost in agriculture for the growth of plants

Compost includes plant growth-promoting rhizobacteria (PGPR) and endophytes, which are known to improve the vigour index (Castano et al., 2011, Insam et al., 2002, Scheuerell and Mahaffee, 2002). Bacillus, Paenibacillus and actinomycetes; and arbuscular mycorrhizal fungi (AMF) species are reported to be involved in indirect mechanisms of phytopathogen and disease control. Pseudomonas fluorescens suppresses deleterious rhizosphere microorganisms (Bouizgarne, 2013), and helps to facilitate nutrient uptake from the soil (Channarayappa and Biradar, 2018) or by producing plant growth hormones. Paenibacillus sp. fixes atmospheric nitrogen and helps in plant growth (von der Weid et al., 2002). Moreover, certain Bacillus, actinomycetes and AMF sp. stimulate plant growth by increasing the availability of soluble phosphorus to the plants (Deepa et al., 2010, El-Tarabily 2008). The benefits of compost are shown in Fig. 2.
Compost can enhance plant growth and also help in uptake of nutrients (Tejada and Gonzalez, 2007, Walker and Bernal, 2008, Wang et al., 2016). Shoot biomass can increase via hormonal effects on root elongation and plant development by humic substance which is the major component of soil organic matter in compost (Zandonadi et al., 2007). Compost addition makes the nutrients easily available to the plants (Kawasaki et al., 2008, Poll et al., 2008) and therefore helps in the plant growth. It also helps in nutrient recycling. Compost improves the productivity of crops both in terms of quality and quantity. The available phosphorus to the organic crops increased by 225% after addition of 144 t. ha-1 of compost (Evanylo et al., 2008). Compost is a great source of nutrients to the plants (Caceres et al., 2006). 
Solid wastes in compost can provide nutritional macro and micro elements. The organic matter from compost can provide nutrients viz., nitrate, phosphorus, and sulfur. The organic matter from compost has been reported to improve the yield and quality of crops (Bocek, 2005, Tajeda et al., 2009b, Uyanoz et al., 2004).
Gemal (2009) observed that the quality of corn crop was improved due to increased compost application rate. The compost added at the rate of 5-ton ha-1 increased sorghum grain yield by 45% as compared to control (Gamal, 2009). Tayebeh et al. (2010) was also observed that compost had a significant effect on seed protein and the maximum amount of seed protein observed was 60 mg compost ha-1 treatment. Compost when applied at the rates of 5- and 7-ton fed-1 increased the yield of maize by 107 and 124% as compared to control (Laila, 2011). There is a report where bio char applied with compost has improved the growth and yield of maize grown in acidic rainforest and coastal Savannah soils in Ghana (Mensah and Frimpong, 2018). Compost has also improved the yield of Tagetes spp., Cicer arietinum and Vigna radiata (Hussain et al., 2001). Addition of compost enhances the crop productivity (Amlinger et al., 2007). Mohammed et al. (2004) studied the comparison of use of composted organic wastes and synthetic fertilizers for increasing crop productivity. The yield was enhanced with increase in compost application. Compost increases available form of nutrients to the plants which increases stem height and dry weight of plants (Soheil et al., 2012). Gemal (2009) also reported the compost applied at 5-ton ha-1 was found to increase sorghum grain yield by 45% in comparison to control. Compost use improves the growth and productivity of crops both qualitatively and quantitatively. The combination of half fold of inorganic fertilizers and compost use at the rate of 4 t ha-1 reduced the production cost in the onion cultivation (Seran et al., 2010). The combination of compost and lime has increased the growth and yield of common bean (Phaseolus vulagris L.) (Dida and Etisa, 2018). There is a report on the effect of compost extract on onion crop (Mahmoud et al., 2015).
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Fig. 2. Benefits of the compost

CONCLUSION
The compost greatly improves the soil physico-chemical properties and the stability of the soil. Compost is good soil conditioner and can enhance the growth of crops and many plants due to supply of various nutrients viz., nitrogen; phosphorus; potassium; etc. and minerals, and this will thus be very helpful to many farmers. Compost also provides protection to the crops and plants from diseases by soil borne phytopathogens. The use of chemical fertilizers will be minimized due to application of compost to the soil and it be very cost-effective. Also, compost increases the microbial diversity. The application of compost will be very effective for the organic farming.
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